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Abstract 
Medicine is faced with the unintended safety consequences of increased physician-to-physician 

handoffs of patients. Patient care had traditionally been provided by one physician who would follow a 

patient throughout his or her admission, but recent changes including restrictive resident duty hours 

and development of hospitalists have increased the frequency of transitioning patient care from 

physician to physician or team to team. 

These transitions of care have been identified as a high-risk situation for increasing medical errors. This 

is compounded by the complexity of patients including polypharmacy, increasing acuity, changing code 

status, and multiple consultants. Studies have found that high-quality handoffs improve patient safety; 

accurate, written documentation plays a key role in these handoffs. 

Once these high-quality data are available, they can be used for secondary purposes as well. The 

business environment of healthcare has placed a greater emphasis on analytic metrics. The oft-repeated 

phrase when discussing pediatric hospital medicine is “if you’ve seen one pediatric hospitalist program, 

you’ve only seen one pediatric hospitalist program.” This variation from program to program has made 

it difficult to compare patient outcomes as well as business measures such as physician compensation. 

I propose that a purpose-designed database would be able to address physicians’ needs for efficiency 

and safety, administrators’ needs for data to be used for business intelligence, and the billing offices’ 

needs for legibility and efficiency.  
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Introduction 
I work as a pediatric hospitalist in a small, community hospital without an academic affiliation. Our 

group was originally managed by a federally qualified health center which provided most of its care in 

the outpatient setting. We had an unexpectedly cumbersome tool to document both the information 

needed for billing and coding as well as what we needed to share information from one physician to 

another during patient handoffs. 

Billing and coding are parallel activities performed by the physician or support staff. Billing in the United 

States is done using Current Procedural Terminology (CPT) codes developed and maintained by the 

American Medical Association (AMA).1 These are five-digit numbers that a physician submits to payors 

such as the Center for Medicaid and Medicare Services (CMS) or private insurance. Each CPT code has an 

associated relative value unit (RVU). Although the number of RVUs per code are standardized 

nationwide, the dollar value per RVU is adjusted based on a “geographic price index” (GPCI).2 

Coding is the activity when a patient’s diagnoses, such as pneumonia, is recorded as an alphanumeric 

string. Since October 2015 CMS has required that providers and their institutions use ICD-10.3 The 

International Classification of Diseases (ICD) has been maintained by the World Health Organization 

since its inception in 1948.4 The ICD-10 code for “lobar pneumonia, unspecified organism” is J18.1, but if 

had been “pneumonia due to Streptococcus pneumoniae” it would have been J13.5 These codes can be 

used for reimbursement, such as hospital payments based on Diagnostic Related Groups,6 or for 

secondary use of the data in research, public health, patient registries, etc.7  

Although appropriate coding may have benefits to select patients’ care through clinical decision support 

or enrollment in an appropriate registry, most are unlikely to derive direct benefits. It is even less likely 

that a billing charge will benefit a patient, unless one were to count avoiding an erroneously large 

invoice. The administrative burden of determining diagnostic and billing codes often falls to the 

physician either extending the work day or decreasing time with patients. 

On a busy day, the billing and coding burden would add a significant amount of time. Research 

discovered that this problem of managing these data was not limited to our pediatric hospitalist 

program alone. Our adult hospitalists, who had a different employer, had the same problem. During 

discussions with other pediatric hospitalists who practiced away from academia, they had the same 

problem. Finally, this small program joined several other regional hospitalists programs owned and 

managed by a tertiary care, academic, pediatric hospital. The problem still existed and was compounded 

by an even more inefficient system. 

Although this will be discussed in more detail during the use cases, the regional director for our program 

lamented that he was unable to have meaningful data regarding patient encounters, daily census, or 

revenue using the current system. This capstone project is an attempt to solve a real-world problem 

using knowledge from my master’s program. 

The natural and appropriate tendency of informaticians is to avoid any data re-entry as wasteful and an 

opportunity to introduce errors. I quickly realized that the technical willingness and ability for 

interoperability does not exist in the same way outside academic institutions, especially in a situation 

which is not driven by Meaningful Use.8  
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I wanted to create a solution which hospitalists could use irrespective of their hospitals’ ability or 

willingness to support full interoperability. The database design is agnostic to the source of the 

information. It was outside the scope of this project to develop a web interface for the database or 

design the interoperability needed for the database to accept information from a standard such as HL-

7’s CCD-A.9  

Patient handoff 
During a patient’s hospitalization, many different physicians may be sharing responsibility for the 

patient. The transition from one physician to another is commonly referred to as signout or a patient 

handoff. The Institute of Medicine (IOM) has identified these transitions as being at high risk for 

communication errors which can lead to avoidable adverse events. In their Crossing the Quality Chasm 

brief, the IOM said, “These cumbersome processes waste resources; leave unaccountable voids in 

coverage; lead to loss of information; and fail to build on the strengths of all health professionals 

involved to ensure that care is appropriate, timely, and safe.”10 

The number of patient handoffs has increased following recent changes in medicine. Many inpatient 

providers have switched to a “hospitalist” model where physicians with an interest and training in 

hospital medicine provide care during a patient’s hospitalization. Many of these programs have different 

attendings on service during the day vs the night, increasing the number of handoffs. This complication 

extends to residency training as well. In response to the IOM’s 1999 publication To Err is Human, the 

Accreditation Council for Medical Education (ACGME) instituted duty hour restrictions in 2003.11 This 

introduced the 80 hour resident workweek with no more than 24 hours of continuous patient care. 

Although the work week remained capped at 80 hours, an update in 2011 shortened intern work shifts 

to no more than 16 hours/shift.12 An unintended consequence of this drive for safety was an increase in 

patient handoffs and their inherent risks. 

Patient handoff risks and I-PASS 
Physicians are aware of the increased risks associated with handoffs. There have been different 

mnemonics such as SBAR13 or SIGNOUT14 

developed or adopted by medicine to 

decrease medical errors. Although initially 

published in pediatric literature, I-PASS 

has now been integrated into EHRs such 

as Cerner and into adult hospitalist 

literature.15 I-PASS is a mnemonic 

developed to improve verbal handoffs 

and was published as part of a “resident 

handoff bundle” in 2012. It includes the 

following elements and descriptions in 

table 1.14  The first four elements are 

Illness, Patient summary, Action list, and 

Situational awareness and planning; they 

responsibility of the physician who is handing off the patient. The incoming physician is responsible for 

Synthesizing the information and the repeating back key elements such as the summary, the action 

items, and any clarifying questions. This is an example of what is known in aviation as “repeat-back” 

I Illness severity Stable, “watcher,” unstable

Summary statement

Events leading up to admission

Hospital course

Ongoing assessment

Plan

To do list

Time line and ownership

Know what’s going on

Plan for what might happen

Receiver summarizes what was heard

Asks questions

Restates key action/to do items

S Synthesis by receiver

P Patient summary

A Action list

S
Situation awareness and 

contingency planning

Figure 1 
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communication; it has been used as a model in critical medical communication such as intensive care 

units and patient resuscitations.16 It is also a key aspect of communication taught in resuscitation classes 

such as Pediatric Advanced Life Support (PALS). 

Multidisciplinary I-PASS was integrated into patient handoffs between the cardiac ICUs and the acute 

care unit with positive effects.17 They demonstrated significant improvements in scores for “national 

culture of safety,” provider satisfaction, and overall experience. These improvements extended to 

improved family satisfaction in regards to information conveyed, ability to ask questions, and the 

accepting team’s knowledge of their child’s issues. 

Needs assessment 
I performed interviews with three different directors of hospitalist programs to determine their current 

workflow in terms of submitting their billing information as well as generating any documents used for 

patient handoffs. These directors represented different clinical settings: community adult hospitalist, 

unaffiliated community pediatric hospitalist, and an academic director of several community pediatric 

hospitalists affiliated with an academic, tertiary care pediatric hospital. 

Adult inpatient team 
This is a group of adult hospitalists who practice in a community setting. They typically have four teams 

during the day, each managed by a hospitalist. There is a swing shift with a hospitalist who is only 

responsible for afternoon and early evening admissions. There is one hospitalist (nocturnist) who covers 

the four different teams overnight by himself or herself. 

Their medical director, SBL, described their current billing and coding workflow. Each physician 

responsible for a team creates or edits a Microsoft Word18 document. Using the “table” structure within 

Word, the physicians manually add or edit information pertinent to their patients. They include a 

greater or lesser number of fields based on their personal preferences as well as the needs of the 

overnight physician. The data fields include room number, name, age, significant diagnoses, code status, 

and any notes regarding overnight plans. 

These documents are emailed to the overnight physician. He or she prints them, reviews them with 

daytime provider via phone, and carries them during the shift. He does not update these documents 

with new patients or updated information; that burden returns to the daytime provider. 

All billing is done with “green sheets.” These are a preprinted, 8.5” by 5.5” green pieces of paper where 

the physicians apply a patient’s sticker which has name, medical record number, and date of birth. There 

are also lines where the physician fills in the date, daily diagnosis, and billing level (1, 2, or 3). Each 

physician generates one green sheet per patient per attending. 

These green sheets are physically delivered to their billing office where the information is read, 

transcribed, and coded using ICD-10 standards. Most physicians submit all billing sheets once their week 

on service is finished. 

When asked about difficulties with this method, SBL described delayed submission of bills, concerns 

regarding legibility, and an inability to easily track physicians’ daily census. There is no systemic way of 

monitoring for missing charges or patients. SBL’s current method of monitoring for physician 
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Table 4 

Over half (54%) of the surveyed report that metrics such as census, billing, or coding are used for 

analytics of their teams, but only 24% of them can access those metrics independently. A third (34%) 

have no access at all where the remaining 42% have the information available upon request or as part of 

evaluations. 

This is similar when looking at individual statistics where only 20% of them can access them 

independently and 31% can request access. Nearly half (48%) have no access to personal metrics. When 

asked about accessing their personal statistics, 86% of physicians were interested in doing so. 

Nearly half of physicians did not know the source of data used for their analytics, though. Because there 

may be multiple sources of data, respondents could check more than one source of data when 

answering the survey question. The percentages in figure 4 total more than 100% due to this. 

 

Figure 4 

Survey results for billing and coding 
Most physicians (73%) determine their own billing charges, such as a 99334 for an initial inpatient. 

Despite this similarity, there continued to be differences in how these billing codes were handled. Figure 

5 shows reports the various methods that the billing codes were handled. Physicians manually entered 

billing codes in 117 of the 122 situations not handled by professional coders.  More than a quarter of 

physicians do not routinely bill for procedures. 

Statement Mean
Percentage agree 

or strongly agree

I am interested in being able to view my personal metrics 4 78.7%

I am interested in being able to directly compare my metrics to my partners' 

metrics 3.73 65.9%

I am interested in being able to directly compare my metrics to peers outside 

my institution 3.76 68.3%

I am interested in being able to compare my group's metrics against other 

institutions' metrics 3.96 76.8%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Directly from EHR

Directly from the rounding or billing tool

Manually extracted by administrative support

Manually extracted by physician

I don't know

Source of analytic data
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Figure 5 

Not surprising given the differences in how codes are recorded, there are differences in the delay 

between the physician providing the care and that information being given to the billing office. Almost 

half of physicians (44%) do not know how long it takes for information to reach the billing office. More 

than a third (38%) have the bills submitted within 24 hours of the patients’ care. 

Coding a patient’s diagnosis is also a variable process. ICD-10 codes are determined by the physician 

44% of the time and an additional 18% of the time if it is available from a curated list. A quarter of the 

physicians enter a diagnosis such as “pneumonia” and a professional coder converts that to the ICD-10 

code. Twelve percent are not involved aside from routine documentation. Only 1.2% use a third party 

coding tool. 

Provider-directed use of analytics 
Most groups (67%) do not use metrics such as census, average length of stay, RVUs, etc. for determining 

financial incentives. An even greater amount (94%) do not use it for determining promotions.  

Survey data discussion 
The survey collected responses from 176 unique physicians. Although primarily pediatric hospitalists, 

they reflected the diverse practice environments and group sizes where pediatric hospital medicine is 

being practiced. These differences included size of the practice, the EHR being used, and whether they 

were academic providers. 

Of the 176 respondents, only 41% had a handoff tool that was populated entirely or in part by the EHR. 

The remainder of the physicians either had no handoff tool or had one that required the physician to 

manually manage the information. Aside from being inefficient, this creates a situation where data can 

be incorrectly entered, missed altogether, or become out of date. These difficulties can be seen in the 

survey responses when physicians were asked about their satisfaction with the rounding tool; only 

slightly more than half agreed or strongly agreed that they were satisfied with their tools’ completeness 

or efficiency.  

There were much higher scores for physicians’ interest in being able to examine their own metrics or 

compare to other institutions’ metrics (79% and 77% respectively). These numbers were slightly lower 

0 10 20 30 40 50 60

Don't know

Generated by EHR

Billing done by professional coders

Entered by physician into EHR

Generated by rounding tool

Entered into your rounding tool

Entered into separate billing tool

Recorded on paper

How are billing codes recorded?
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when asked about comparing themselves as individuals to their peers within their institution vs those 

outside (66% and 68% respectively).   

Although nearly two thirds of surveyed felt that integration of a mnemonic such as I-PASS would 

improve the efficiency or safety of their handoffs, less than 10% had the elements of illness severity, 

patient summary, or contingency planning as elements in either their current or desired signout. This 

number was likely falsely low secondary to those elements not having been specifically mentioned as 

options for physicians to select in the survey, but is still meaningful given that less than 10% included 

them when given the option for free text. 

I was surprised by the percentage of physicians who were not familiar with the workings of their billing 

and coding offices or the source or their analytic data. Forty-four percent of physicians did not know 

when their billed charges were available to the billing office. An even higher percentage, 49%, did not 

know the source of data used for their individual or teams’ metrics. This may be secondary to a lack of 

direct physician consequences of these metrics based on only 20% having financial incentives controlled 

by metrics and only 6% depending on those metrics for promotions. 

A significant percentage of physicians were dissatisfied with the number of data elements reflected on 

their signout tool with 30% wanting either 5 or more elements added or removed. This may reflect 

individual physician’s perspective on data needs or the differing demands of their shifts; nocturnists 

covering multiple teams may find a large amount of data to be unwieldy. 

These survey data and interpretations were be used to create additional use case scenarios for the 

billing and rounding database. 

Billing and rounding database 
This database is a tool to allow multiple stakeholder groups to easily share hospitalization and 

procedure billing within a hospitalist group. These stakeholders are the physicians themselves, their 

administrators, and their billing department. Despite having overlap in their data needs, their use cases 

are significantly different. 

By creating an appropriate database, these stakeholders will be able to use the same data to improve 

physician-to-physician handoff of patients, streamline secondary use of the data, and simplify billing 

submission. 

Assumptions 
 All inpatient care is provided by physicians 

 Physicians can practice at more than one hospital 

 All encounters are at a hospital 

 All physicians have an NPI number and it is unique 

 Multiple physicians may care for the same patient during a hospitalization 

 Patients’ community medical record numbers (CMRN) are unique 

 Billing is limited to physicians’ work in the hospital 

 Each procedure is performed by one physician on one patient for a specific diagnosis.  

 Although the same procedure may be performed more than once on a patient on the same day, 

each will happen at a different time 
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 Physicians cannot simultaneously be a consultant and primary attending on the same patient 

Use cases 
Based on the initial interviews and the data collected from the survey of pediatric hospitalists, these use 

case scenarios were developed for the three primary stakeholders of physicians, administrators, and 

billing and coding specialists. 

Physician use cases 
1. Add or remove patients from their census 

2. Add, remove, or edit patients’ information 

3. Add, remove, or edit daily billing codes 

4. Add, remove, or edit diagnostic codes 

5. Pass questions to billing and coding specialists 

6. Receive and answer questions from billing and coding specialists 

7. Review data elements changed by billing and coding specialists 

8. Flag patients for future review such as quality assurance, medically interesting cases, results 

pending at discharge, or other site-specific goals (i.e. transferred to tertiary care) 

9. Access and review personal metrics such as length of stay, daily census, RVU generation, etc 

10. Access and review group and/or national care metrics 

11. Have billing support to prevent: 

a. fraudulent double billing (i.e. two physicians billing for same service on same day)  

b. missed charges (i.e. every patient should have a charge per day) 

12. Have multiple options for granularity present in signout document 

Administrator use cases 
1. Have access to data such as daily census and/or seasonal variation to anticipate staffing needs 

2. Have access to data such as RVU production by physician, hospital, organization, diagnosis, or 

other grouping of interest 

3. Have access to data such as average length of stay by physician, hospital, organization, 

diagnosis, or other grouping of interest 

4. Analyze billing and/or coding variation showing areas at risk for uncaptured billing or fraud 

5. Accurate assessment of revenue data for negotiating with hospitalist, insurance companies, 

physicians, etc 

6. Early warning of trends such as influenza or other epidemiologic data 

Billing or coding specialist use cases 
1. Add, remove, or edit billing codes 

2. Add, remove, or edit diagnostic codes 

3. Have access to pertinent information needed for submitting bills such as the patient’s 

information, the providing physician, the date, etc 

4. Can query physicians for information to resolve billing or coding questions 
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Data Model 

Entities 
The database is built with five regular entities which define an additional two weak entities. The regular 

entities are Diagnosis, Code, Hospital, Physician, and Patient. They define the two weak entities of 

Encounter and Procedure.  

The Diagnosis entity is based on ICD-10 codes from the WHO. Each ICD-10 code is a unique 

alphanumeric string allowing it to be used as the primary key. The second data element is the prose 

description of the ICD-10 code allowing for it to be understandable by users. 

The Code entity is based on the AMA’s CPT codes. Similar to ICD-10 codes, each of these is a unique five-

digit string allowing it to be the primary key. The two additional elements are a prose description and 

the associated RVUs.  

The third regular entity is the Hospital. Its primary key is its name. If duplicate hospital names became a 

significant problem, it would be possible to use either a compound key of name and zip code or another 

unique identifier such as phone number or tax identification number. 

The next entity is the Physician. All physicians in the United States have a National Provider 

Identification (NPI) number making it an ideal primary key. The additional two elements are the 

physicians’ first and last names. 

The final regular entity is the Patient. For the purposes of this database, all patients will have a 

community medical record number (CMRN) that is unique allowing it to be used as their primary key. 

There are several other data elements such as first, middle, and last name, date of birth, allergies, 

chronic diagnoses, primary care provider, and date of death. Elements such as allergies and date of 

death may be null. Although it is possible for chronic diagnoses to change over time (i.e. diabetes 

mellitus, type I becoming diabetes mellitus, type I with cataract), these are more likely to remain stable. 

There are two additional elements which were added in response to interviews and experience: flags for 

case management and care teams. Case management can be used to flag high utilizers so that 

appropriate consultants such as social work may be involved. Many tertiary care children’s hospitals 

have dedicated services for medically complicated patients; care teams can be used to mark which 

physician group typically manages these patients. 

Each of these regular entities are used to define the two weak entities of Encounter and Procedure. An 

Encounter captures when a physician cares for a patient. Each encounter has a primary diagnosis, an 

associated CPT code, and is done at a hospital. Because these elements might be the same day after day 

(i.e. Dr Smith managing Mr Johnson’s pneumonia), there is an additional primary key of “billDate” to 

make each encounter unique. 

Encounters have several additional data elements to meet the use case scenarios described earlier: 

1. inpatient: CMS requires that the physician determine if the patient is admitted under inpatient 

or observation status 

2. actionList: this is a free text field where physicians can list to do items 

3. admitting: this is the physician who admitted the patient 

4. code: this is the patient’s code status such as full code or do not resuscitate 
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5. consultants: these are the physicians who are consulted to help manage the patient 

6. contingency: this is the situational awareness or contingency plan for changes in the patient’s 

condition 

7. diagnosesAcute: these are the acute diagnoses for the patient, but not necessarily the primary 

diagnosis for admission 

8. labsPending: this is a field for pending labs 

9. labsResulted: this is a field for the resulted labs 

10. medications: this is a field for current medications 

11. respiratory: this is a field for information about patient’s respiratory status or support (i.e. on 

room air) 

12. room: this is the patient’s room number 

13. team: this is the primary team caring for the patient (i.e. Red Team or ICU) 

14. studiesPending: this is a field for pending studies such as pathologic, radiographic, etc 

15. summary: this is a field for a prose description of the patient’s presenting problem or hospital 

course 

16. weight: patient’s weight which is important for pediatric medication dosing 

17. flagQA: a flag to mark encounters that should be reviewed for quality assurance or 

improvement 

18. flagEdu: a flag to mark cases of educational importance so that they can be easily found and 

used for teaching 

19. flagTx: a flag to mark patients who were transferred from an institution 

20. flagBill: a flag to mark for billing or coding review 

21. encounterNum: hospital identifier for hospitalization (also known as a financial identification 

number) 

22. severity: a field where physicians can document the patient’s current severity of illness or need 

for close watching 

There is an additional element in encounters regarding the physician responsible. Every physician must 

be either a primary attending or consultant and cannot be both. Each category has a data element which 

is not relevant to the other; primary physicians have discharge dates and consultants have which 

physician asked for help. 

Procedure is the other weak entity. It is defined by the same five regular entities. Because a procedure 

could be done by the same physician on the same patient for the same diagnosis in the same hospital 

using the same CPT code, procedure has an additional element of its compound primary key: procDate. 

Since it could be done more than once on the same day (i.e. cardioversion), the date field is granular to 

the level of seconds allowing each procedure to be unique. 

Relationships 
The weak entities are defined by their relationships with the regular entities. For Encounter, the 

relationships are: 

1. indicationEnc: this is the indication for an encounter. Each Encounter has to have at least one 

diagnosis, but can have more. Each diagnosis can have multiple encounters, but need not be 

used for one (i.e. ICD-10 code V97.33XD: sucked into jet engine, subsequent encounter22) 
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2. billedCode: this is the relationship between the Code and Encounter. Each Encounter must be 

associated with one and only one CPT code. Each CPT may be used with multiple encounters or 

none.  

3. admittedTo: each patient is only admitted to one hospital at a time, so every encounter has to 

have one and only one hospital. The hospital can have multiple encounters, but need not have 

any. 

4. admittedBy: Each encounter must have a physician and only one physician. A physician may 

have multiple encounters, but need not have any. 

5. admitted: every encounter must have one and only one patient. A patient may have multiple 

encounters, but need not have any. 

For Procedure, the relationships are: 

1. indicationProc: this is the relationship between ICD-10 code which is the indication for the 

procedure (i.e. diagnosis of arrhythmia and procedure of cardioversion) and the procedure. 

Every procedure must have at least one diagnosis, but may have more than one. Some 

diagnoses will have multiple procedures, although others may not be used (V91.07XA burn due 

to water skis on fire, initial encounter23)  

2. codeFor: this is the relationship between the CPT code and the procedure. Each procedure must 

have one and only one code, but a code may be used for multiple procedures or none. 

3. procLoc: this is the relationship between the hospital and the procedure. Although multiple 

procedures or none may be done at a hospital, each procedure can be done at one and only one 

hospital. 

4. procBy: although a physician may perform multiple procedures or none, each procedure must 

be done by only one physician. 

5. procFor: although a patient may have multiple procedures done or none, each procedure must 

have only one patient. 

Entity-relationship diagram 
Using ER Assistant24 these entities, elements, and relationships can be represented visually in the 

following figure using standard “crow’s foot” diagramming. 
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Figure 6 

Alternate models 
Instead of the “Encounter” supertype, I could have just created a different encounter for primary 

attendings vs consultants. The benefit of this is that much of the information used by a primary 

attending for signout would not be required for a consultant allowing for less data fields. The benefit of 

the chosen method is that all data fields would exist for both categories of Encounters allowing for 

easier data comparison.  

It would also be possible to extend the Physician entity to include outpatient providers as well. This 

could be helpful for creating a relationship between a patient’s primary care provider and another table. 

This would be problematic when there were PCPs not included in the table, such as new providers or 

ones from different geographic areas. Outpatient providers would need an additional regular entity of 

clinics, conceivably more than one per provider. 

Creating a table with Insurance also was out of scope for this project, although there could be use cases 

for all three stakeholders. Physicians could use the information to anticipate insurance coverage for 
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medications, administrators could use it to look at the breakdown of payor mix, and the billing office 

could use it as part of streamlining their process. 

If a community did not have CMRNs, the it would be possible to use a compound primary key of the 

Hospital and the patient’s MRN because each MRN is unique at a hospital. The potential downside of 

this method is that it does not recognize that John Smith at Hospital A is the same John Smith at Hospital 

B. This would hinder efficiency by requiring that John Smith be added to the patient table more than 

once. This duplication could create problems where changeable elements such as chronic medical 

conditions or PCPs would be updated on one record, but not the other. 

Database Schema 
Diagnosis(ICD, description) 

Code(CPT, description, RVU) 

Hospital(name, zip) 

Physician(NPI, firstName, lastName) 

Patient(CMRN, lastName, firstName, MRN, hospitalMRN, DOB, middleName, allergies, 

diagnosesChronic, PCP, flagCaseMgmt, DOD) hospitalMRN FK Hospital, diagnosesChronic FK 

Diagnosis 

Encounter(diagnosis, CPT, hospital, attending, patient, date, inpatient, actionList, admitting, code, 

consultants, contingency, diagnosesAcute, labsPending, labsResulted, medications, respiratory, 

room, team, studiesPending, summary, weight, flagQA, flagEdu, flagTx, flagBill, encounterNum, 

severity, consultant, dischargeDate, requestingPhysician) diagnosis FK Diagnosis, CPT FK Code, 

hospital FK Hospital, attending FK Physician, patient FK Patient, diagnosesAcute FK Diagnosis, 

consultant FK Physician, requestingPhysician FK Physician 

Procedure(diagnosis, code, hospital, physician, patient, date) diagnosis FK Diagnosis, code FK Code, 

hospital FK Hospital, physician FK Physician, patient FK Patient 

Normalization 
When a database is “normalized,” the database architect has removed redundancies in the design to 

simplify the database’s tables. This structure allows for more easily updated and managed tables. The 

following functional dependencies are normalized to Boyce Codd Normal Form where each determinant 

(i.e. NPI) is a candidate key; this means that the determinant identifies a unique row of the table.25 For 

example, every NPI is unique and able to identify a provider’s first and last names.  

The functional dependencies are: 
NPIfirstName, lastName 

CMRN lastName, firstName, MRN, hospitalMRN, DOB, middleName, allergies, diagnosesChronic, PCP, 

flagCaseMgmt, DOD 

CPTdescription, RVU 

ICDdescription 


